To date, 14 cases of ",y heavy chain disease" have been diagnosed, although only 11 of these have been reported (1) (2) (3) . Studies of the first protein (CRA) found to be characteristic of the disease, and several subsequent studies, have suggested that all patients with the disease produce an abnormal protein which consists of the Fc fragment and piece of the Fd fragment, rather than the entire heavy chain. However, to date it has been possible to define the defect in only one protein (4) and to partially define it in another (5) . In the best-studied protein (ZUC), a 'y3 protein, there appears (4) to be a deletion of almost the whole Fd fragment of the heavy chain starting at residue 18, with resumption of the sequence normally found in 7y3 heavy chains with the glutamic acid at position 216, near the hinge region of the Fc fragment. [Numbering is taken from protein Daw (6) and Eu (7) . ]
Since study of these proteins promises to provide not only information related to the defect in this disorder, but possibly also a clue as to the genetic control of the constant (c) and variable (v) regions of the heavy chain, it seems worthwhile to report detailed studies on the structure of protein CRA. This protein has been characterized in part previously (8) and shown to consist primarily of the Fc fragment of the yl chain plus at least two to three additional peptides, and to possess the two intrachain disulfide loops characteristic of the Fc fragment (9, 10) .
In the present study we have chosen cyanogen bromide (CNBr) to cleave the y71 heavy chain protein CRA in the hope of isolating the amino terminal peptide, which was suspected, on the basis of studies with protein ZUC, to contain the abnormality (4). The amino terminal peptide resulting from cleavage at methionine 252 (11) had approximately 50 residues, and appeared to have three rather than the expected two inter-heavy chain disulfide bridges. Partial sequence of this fragment indicated that protein CRA resembled ZUC in having a deletion of the Fd fragment of approximately 200 residues, normal synthesis having apparently been resumed at residue 216, in the middle of the heavy chain (4).
MATERIALS AND METHODS
The protein CRA, previously shown to belong to the 71 subclass and to be Gm (a-), was isolated from the urine by precipitation with 60% saturated ammonium sulfate followed by starch block electrophoresis and filtration on Sephadex G-200 (4). It was slightly contaminated with transferrin on immunoelectrophoresis.
CNBr cleavage 300 mg of protein CRA was dissolved to a final concentration of 30 ing/ml in 70% formic acid. A two-fold (w/w) amount of CNBr was added, and the reaction was allowed to proceed at room temperature for 24 hr. The CNBr was removed by filtration on a Sephadex G-25 column. Amino acid analyses showed that all methionine residues were lost after this treatment.
Complete reduction and alkylation
CNBr-treated freeze-dried protein CRA was dissolved in 15 ml of 0.5 M Tris-6 M guanidine-1 mM EDTA, pH 8.6, and 300 IAl of a 10 mg/ml solution of dithiothreitol was added after the tube had been flushed with nitrogen. The reduction was allowed to proceed for 1 hr at room temperature. 600 ul of 0.1 M [14C]iodoacetic acid (0.5 mCi/mmol) was added and allowed to react for 1 hr at room temperature. A Sephadex G-25 column eluted with 0.3 M acetic acid was used for desalting.
Gel filtration
The reduced and alkylated CNBr cleavage products were separated on a Sephadex G-75 column (140 X 3.5 cm) in 5%
formic acid (Fig. 1) . Absorbance was measured in a Beckman DU Spectrophotometer at 280 nm. Radioactivity was counted in a Beckman 150 scintillation counter.
Partial reduction and carboxymethylation
These have been described previously (12) . T, tryptic peptide obtained from CNBr fragment CRA-JI (Fig. 1) .
PT, peptic-tryptic. Asn at position 216 the sequences are identical, while the approximately 11 residues from the amino terminal end to the residue corresponding to number 215 differ from those of any known 'y chains.
In an effort to obtain the sequence of the amino terminal region of the molecule, three types of experiments were done, all without success: (1) the whole protein was placed in a Beckman Sequenator; (2) manual Edman degradation of the CNBr fragment CRA-IL was attempted; (8) Edman degradation of the N-terminal peptic and an arginine-containing tryptic peptide were performed. In all instances glycine was the major N-terminal residue, after which marked heterogeneity became apparent.
Function of half-cysteine residues
Previous studies using diagonal electrophoresis (10) of peptic digests disclosed the presence of two intrachain disulfide bridges in protein CRA. No other cysteine bridge was detected with this method. When the protein was partially reduced and carboxymethylated with ['4C]iodoacetate, subjected to pepsin and trypsin digestion, and run on paper electrophoresis (11), three main peptides containing carboxymethylcysteine were found, identical to peptides P1 T2, P1 Ti and P1 TO of Fig. 2 .
In order to find out the function of these three half-cysteine residues, we made diagonal maps of peptic-tryptic digests at pH 3.5 and 6.5 ( Figs. 3 and 4) . Table 3 lists the electrophoretic mobility and sequence of the cysteine-containing peptides. By this method it was possible to isolate and characterize the N-terminal and C-terminal intrachain disulfide loops, as well as the peptides containing the heavy (H-H) bonds and the cysteinyl residue normally involved in the heavy-light (HL) bridge.
At pH 3.5, all the cysteine-containing peptides moved anodally (Fig. 3) . Region 1 (with lowest mobility) contained the two peptides (la, lb) making up the C-terminal loop. Region 2 contained the N-terminal loop (2a and 2c) as well as peptide 2b. The sequence of peptide 2b is identical to that of peptide P1 T1 (Fig. 2) . Peptide 2b was better seen on diagonal maps at pH 6.5, since it was the only one migrating on the anodal side in the first dimension (Fig. 4) . It stained yellow with cadmium ninhydrin, and it had the same composition b: cyanol FF FIGS. 3 and 4. Drawings of the "diagonal maps," at pH 3.5 and 6.5 respectively, of peptic-tryptic peptides subjected to oxidative cleavage of the disulfide bridges. In Fig. 4 (right) , only the acidic regions of the first dimension are shown. Thirdly, the finding of carbohydrate in large amounts close to the N-terminal end is unusual and may explain the difficulties encountered in sequencing that region.
Finally, the observed heterogeneity at the N-terminal region and the finding of glycine as the major N-terminal residue are both distinctly unusual. Glycine has been found once before as the N-terminal residue in a y chain disease protein-Hi, which has been shown to belong to subclass IV of the variable region (5) . In the absence of a precise sequence at the Nterminus it is not possible to determine whether CRA represents yet another variable region subclass or if it commences synthesis at some other site in the Fd fragment. It is unlikely that the observed heterogeneity represents an artefact, since it was found in all preparations of CRA and in all of the peptides examined. Since proteins produced by single clones of plasma cells are usually homogeneous, the observed heterogeneity probably does not reflect the synthesis of different types of molecules. It seems more likely that this may represent degradation of a single molecular species after synthesis, possibly by an amino peptidase similar to that recently described for a nonsense mutant of alkaline phosphatase in Escherichia coli (21) .
